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Abstract—This paper proposes an Artificial Neural Network 
(ANN) control voltage tracking scheme of a double-input buck-
boost DC-DC converter. In this topology, a back-propagation 
algorithm topology is implemented. The controller is developed 
to improve the performance of the double-input converter 
during transient and steady-state operations. The neural 
network controller design, which is developed against output 
voltage command tracking is proposed. The proposed concept 
has been investigated and validated experimentally on a 
laboratory prototype using DSP TMS320F28335real time 
digital controller to verify the dynamic response of the proposed 
controller. The experimental results confirm the validity of the 
proposed neural network control technique, which is a 
promising an efficient control topology that ensures double-
input converter suitable for electric vehicle and renewable 
energy applications. 
 
Index Terms— Artificial Neural Network Controller; Double-




These days, double-input direct current (DC) power supplies 
are extensively used in many applications comparisons to 
single input power electronic devices such as electric vehicle 
and the green energy applications [1].  
Consequently, the DC-DC double-input converter is used 
by converting a DC voltage which generated from different 
input voltage sources to a different DC voltage level to 
provide the DC output voltage level requirements of the load 
[12]. Additionally, the DC-DC double-input converter is also 
a substantial application for the power conditioning of the 
alternative electrical energy such as photovoltaic, wind 
generator and fuel cell system. For these reasons, the DC-DC 
double-input converter applications will lead to a more 
possibility potential market in green energy applications [2]. 
Essentially, the double-input converter consists of the 
power semiconductor devices which are operated as 
electronic switches circuits to convert the electrical energy 
from different electrical energy supplies. Implementation of 
the power switching devices causes the inherently nonlinear 
characteristic of the double-input converters. Due to this 
unfavorable nonlinear characteristic, the double-input 
converters require a control unit with a high performance of 
dynamic response [3].  
To solve this problem and develop the dynamic response 
of double-input converters, various intelligent control 
techniques such as fuzzy logic and neural network methods 
for double-input converters have been reported in [4]- [11].  
 
A. Double-Input Buck-Boost Converter  
The circuit outline of the proposed double-input buck-
boost converter as shown in Figure 1. It had been 
intentionally assumed that switch 1, switch 2, switch 3 and 
switch 4 indicated as S1, S2, S3 and S4 respectively while 
diode 1, diode 2, diode 3 and diode 4 indicated as D1, D2, D3 
and D4 respectively. A circuit outline of the proposed 
double-input buck-boost DC-DC converter is depicted in 




Figure 1: Circuit outline of the double-input buck-boost DC-DC Converter. 
 
B. Voltage Transfer Ratio of The Proposed Double-input 
Buck-Boost Converter 
Switching pattern of switches S1, S2, S3 and S4 are shown 
in Figure 2. The pattern is valid for all the possible 
arrangements of the proposed converter as it is composed of 




Figure 2: Switching pattern signals and duty cycle of switches. 
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T is the time period of the switching signal patterns of S1, 
S2, S3and S4 of switches respectively. One can write the 
following equations for a multi-input interleaved buck-boost 
converter based on Figure 2 and volt-second balance 
equation of the inductors. 
 
t0 t 1 t 2 t 3 T (1) 
 
Assume that the current had reached a steady state. 














Equation (2) in principle can be solved to find voltage 
output transfer ratio Vo.  After several algebraic 
manipulations and solving, the expression for the output 














  (3) 
 
C. The Proposed Structure of Artificial Neural Network 
Control 
The network of the proposed neural network controller 
architecture has a 1-4-1 neurons structure. The structure of 
the proposed neural network controller of a double-input 




Figure 3: Architecture of the proposed neural network control 
 
The connections weight parameter between jth and ith 
neuron at mth layer is given by wij, while bias parameter of 
this layer at ith neuron is given by bmi. The transfer function 










where f  is activation function of the neuron. In this design, 
the activation function for the output layer and the hidden 
layer are unity and a tangent hyperbolic function 














where k is sampling time, α is learning rate, and F 
performance index function of the network. 
 
II. LEARNING ALGORITHM OF BACK PROPAGATION 
TOPOLOGY 
 
After the neural network architecture is modeled, the next 
stage defines the learning model to update network 
parameters. By this learning capability, it makes the ANN 
suitable to be implemented for the system with the proposed 
double-input buck-boost converter parameters. The training 
process minimizes the error output of the network through an 
optimization method. Generally, in learning mode of the 
neural network controller a sufficient training data input-
output mapping data of a plant is required. The online 
learning back propagation algorithm is designed and 
developed. The performance index is the sum of square error 






where ti is target signal and ai output signal on the last layer. 
The gradient descent of the performance index against to 










Gradient the transfer function again to the connection 
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 (14) 
 
By substituting Equation (12) and (14) into Equation (7) 








III. EXPERIMENTAL RESULTS 
 
The proposed concept has been investigated and validated 
experimentally on a laboratory prototype using DSP 
TMS320F28335 real-time digital controller to verify the 
dynamic response of the double-input buck-boost converter 
with proposed neural network control. Block diagram of the 
proposed neural network control unit is shown in Figure 4. 
The double-input buck-boost converter parameters are shown 
in Table 1. 
A fixed switching frequency and pulse width modulation 
(PWM) switching technique of switching signals have been 
chosen for experimental results study. The prototype of the 
proposed double-input buck-boost converter with using DSP 
TMS320F28335real time digital controller shown in Figure 
5. 
In case verifying of output voltage tracking capability for 
the proposed double-input buck-boost converter, the 
experimental results showed that the proposed controller has 
the ability to tracking the voltage reference variations in case 
of stepping-up and stepping- down and displays a very low-
rise time and negligible overshoot. 
It is found that the output voltage startup transient response 
of the double-input buck-boost converter with reference 
voltage lower than two input voltage sources (V1 and V2) as 
in the case of the buck converter (the output voltage 55 V) 
and higher than the two input voltage sources (V1 and V2) as 
in the case of the boost converter (the output voltage at 70 V) 
and as shown in Figure 6 and Figure 7 respectively. 
 
Table 1 
Parameters of the double-input converter 
 
Variable Parameter Value 
L1 & L2 Inductance 0.5 mH 
C Capacitance 480 µF 
R Resistor 100 Ω 
V1 First input voltage 24 V 
V2 Second input voltage 36 V 
S1 & S2 Switching frequency 10 kHz 
S3 & S4 Switching frequency 20 kHz 
d1 & d2 Duty cycle for main switches 75% 
d3 & d4 Duty cycle for interleaved switches 50% 
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Figure 5: The experimental set-up of the proposed double-input converter 
 
  
Figure 6: The dynamic response of the double-input converter when the 
output voltage is commanded to step-up from 0V to 55V to 70V. 
Figure 7: The dynamic response of the double-input converter when the 
output voltage is commanded to step-down from 70V to 55V. 
 
IV. CONCLUSION  
 
In this paper, a neural network control for double-input 
buck-boost DC-DC converter is discussed. To enhance and 
improve the performance of the voltage tracking of a double-
input converter, a back-propagation topology is developed. It 
is observable that the neural network control unit is effective 
in decreasing overshoot, reducing settling time and has a fast 
response to track desired output voltage. In addition, based 
on the experimental results, the implementation of the back-
propagation technique is a feasible solution for the output 
power regulation for double-input converters supplied with 
different input voltage sources such as solar panel and wind 
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